ABSTRACT
INTRODUCTION
ussia is the remaining portion of the USSR after the collapse of the Soviet system in 1990. In 2009, according to the CIA World Factbook, Russia is the largest country in the world in land mass and is almost twice the size of Canada, the number two largest country. Russia is the ninth largest country in terms of population with 139 million people and has the eighth largest economy in terms of purchasing power parity but only the seventy-fifth largest GDP per capita. Russia is the largest producer of oil and natural gas and the second largest exporter of oil and the largest exporter of natural gas in the world. The total market value of publicly traded shares is seventh largest in the world at $1.322 trillion. Thus, Russia is important in the global economy because of its size, its natural resource base, and its military might. For Russia to attract foreign direct investment and to allow its economy to grow and prosper, an efficient stock market is imperative. The goal of this study is to evaluate the weak form efficiency of the stock market using Russian Trading System Index.
Market efficiency in developed, developing, and emerging markets has been tested extensively. Recent single country studies have been reported for China, Greece, Ireland, Korea, Malaysia, and Turkey and multicountry studies have been reported for stock markets in Africa, twenty-four emerging markets, three Arabian Gulf countries, and five emerging markets. Appendix A contains a list of recent studies of stock market efficiency of emerging stock markets. Certainly, this list is not exhaustive and could include every emerging market and region. Nor is this study of emerging markets weak form efficiency a recent phenomenon.
Early studies by Bachlier (1900) , Kendall (1953) , and Fama (1965) , found that developed markets tended toward weak form market efficiency. Hawawini (1984) summarizes 280 empirical studies of fourteen European stock markets. Hawawini concludes that "despite the peculiarities of European equity markets, the behavior of European stock prices is, with few exceptions, surprisingly similar to that of U.S. common stocks." Weak form market efficiency tests of emerging markets during the 1960's and the 1970's focused on Pacific Rim markets. Generally, results indicate that larger, older, more diversified markets exhibit less auto-correlation, but still exhibit calendar effect anomalies. More recent studies focus on newly industrialized countries and newly liberated countries of the former Soviet bloc. Again, results indicate that newer smaller markets exhibit less weak form efficiency. Levy and Sarnat (1970) find that even though nine stock markets in developing countries under-perform nineteen stock markets in developed countries, the addition of the developing markets to the investment universe increases the efficient frontier. Levy and Sarnat analyze returns and construct efficient frontiers for stock markets from twenty-eight countries from 1951 to 1967. The efficient frontier increases as the number of stock markets in the investment universe increase, even when those markets are not good stand-alone investments. Barry and Peavey (1997) Islam and Khaled (2005) find that the Dhakat Stock Market is weak form efficient following the 1996 market crash using heteroscedastic adjusted models. The newer stock markets in Asia exhibit less weak form efficiency than the older stock markets.
Bekaert, Harvey and Lumsdaine (2002) find that emerging equity market liberalization leads to larger and more liquid markets and that stock returns become more volatile but more correlated with world markets. This increase in market integration leads to a lower cost of capital, an improved credit rating, real exchange rate appreciation, and an increase in real economic growth. Similar effects are not found in developed markets. The authors find empirical breaks that do not correspond with official liberalization dates, but do correspond with the actual date of liberalization such as the announcement of the first ADR or the date the first country fund is issued. Empirical liberalization effective dates generally occur after the official dates. "Allowing foreign investment does not appear to be sufficient to bring about market integration; foreigners still have to be willing to invest." Bekaert, et. al 
. (2002, page 43)

CAPITAL MARKET EFFICIENCY
Capital markets are the primary source of external investment funds for corporations. To fulfill the need for funds for corporations, capital markets must exhibit efficiency. The three types of capital market efficiency are operating efficiency, information efficiency, and allocate efficiency. Stock markets exhibit operating efficiency if transactions costs are minimized reducing the costs of trading. Fama (1970) defines three forms of stock market information efficiency: weak form, semi-strong, and strong.
Allocation efficiency results from the process of moving funds to corporations that provide the highest rates of return in the economy. Allocation efficiency implies that firms that offer higher rates of return can acquire capital at lower costs than less productive firms. Thus, capital markets both supply the investment funds needed by corporations and direct funds to the corporations that use the funds the most efficiently.
How capital markets fulfill these functions is relatively well described in financial economic literature. Markowitz (1952) describes the process that defines a set of portfolios such that each portfolio has the highest possible return for that level of risk or the lowest possible risk for that level of return. This locus of points is called the efficient frontier. When the efficient frontier is combined with the utility preference function for an investor, the optimal portfolio for that investor is determined. Tobin (1958) extends portfolio theory to the inclusion of a riskfree asset. The inclusion of the risk-free asset allows the investor to separate the investment decision from the financing decision. Every investor constructs a portfolio composed of two assets -the risk-free asset and a market portfolio which is composed of a market value weighted portfolio of all assets available for investment in the market. Arrow (1964) develops the state preference model to determine the optimal portfolio for an investor in a world with state contingent outcomes and budget constraints, i. e. uncertain outcomes and limited wealth to invest. Sharpe (1963 Sharpe ( , 1964 develops an asset pricing model for securities based on market risk only. The Capital Asset Pricing Model, CAPM, greatly simplifies the computations necessary to determine the expected return and risk of a portfolio.
Efficient capital markets allow investors to buy properly priced assets in firms which are more productive, offering higher returns, and allow firms to acquire capital at cost commensurate with the riskiness of those firms. Thus, one might assume that economies that are more developed will have capital markets that are more developed as well. Bernstein (2002) finds a strong relationship between population growth and stock market returns. Stock market growth reflects economic growth
In this paper, we specifically address information efficiency, Fama (1970) . There are three levels of stock market information efficiency. At the first level, to be tested in this paper, is the weak form efficient market hypothesis which posits that current stock prices impound all past price and volume data. That is, there are no patterns in past price and volume data that can be used to earn excess profits in the future. In effect, technical analysis would not be useful if stock markets are weak form efficient. The second level of the efficient market hypothesis is the semi-strong efficient market hypothesis which posits that stock prices impound all publicly available information. This information set subsumes stock price and volume data and adds any other information available to the investing public. In effect, the semi-strong form of the efficient market hypothesis argues against the use of fundamental analysis. The third level of information efficiency is the strong form of the efficient market hypothesis. This hypothesis argues that stock prices anticipate inside information, material non-public information.
Bachlier (1900) used serial correlation analysis to evaluate the market efficiency of commodity markets in France. Bachlier finds that commodity prices in France follow a random walk, that is, commodity prices do not follow a discernable pattern. Kendall (1953) analyzed stock price in the United Kingdom and reports that the markets exhibit weak form market efficiency. Fama (1965) reports serial correlation test results for the United States stock market and finds weak form market efficiency.
THE RTS STOCK EXCHANGE
The RTS Stock Exchange (RTS) was established in 1995 from a number of regional securities trading floors. The information in this section is taken from the RTS Stock Exchange web site at http://www.rts.ru. The RTS lists more than 400 securities of which more than 50 are bonds and the rest stocks that are of interest to both Russian and foreign investors. RTS provides market indicator information to financial information services. The RTS Index (RTSI) is the official indicator of the market and was first reported on September 1, 1995. The RTSI is computed every thirty minutes with real-time prices of the most liquid stock listed on the RTS and then reported.
There are three levels of stock reported by the RTS. Stocks are assigned to each level by a the Information Committee based on total market capitalization, average weighted daily trade volume, frequency of trades, the existence of demand and offers, the value of the spread, and other factors deemed to be important. The number of securities included in each level varies over time. Level RTSI is calculated every 30 minutes from 12:00 to 17:30 and reported. The closing price is calculated at 18:10. The 12:00 value is considered the opening value and the 18:10 value is the closing value. The RTSI is computed in dollars and then converted to rubles and both numbers are reported. The index at the end of the time period, I t , is calculated as the ratio of the total market capitalization of the stocks in the index at end of the time period, MC t , to the total market capitalization of the stock in the index the previous period, MC t-1 , multiplied by the index value at the beginning of the time period, I t-1 .
I t = I t-1 (MC t / MC t-1 )
The total market capitalization is the number of shares issued by the issuer as of the date of computation, Q i , times the stock price of each stock in the index in US dollars as of the calculation time, P ti , times the number of stocks in the index at the time of computations.
The ruble value of the RTSI, I r , is calculated as the product of the ending value of the ruble to US dollar exchange rate, R t , divided by the beginning ruble to US dollar exchange rate, R t-1 , times the RTSI in dollars.
I r , = I t ( R t / R t-1 )
The initial value of the RTSI for September 1, 1995 was 100 and the ruble to US dollar exchange rate was 4.447 rubles per US dollar.
The price used for each stock in the index is the sum of the number of shares for each trade, P ik , times the number of shares traded, Q ik , divided by the total number of shares traded during the period.
Pi =  (P ik )( Q ik )/( Q ik )
Each stock is represented by I and each trade is represented by k. If a stock does not trade during a calculation period, the last trade during the last ten trading periods is used. If there were no trades during the last ten trading sessions, the best bid price during the calculation period is used. If there were no trades during the last ten trading sessions and there were no bid quotes, the last bid price is used.
The currency used is the US dollar which is then converted to rubles. The securities used in calculating the RTSI are the securities in Level 1, Level 2, and shares added by the Information Committee based on expert estimation. Expert estimation is based on the characteristics of the security such as total market capitalization, the average weighted daily trading volume, the frequency of trading, the existence of securities for demand and offer, the size of the spread, and any other factors that affect liquidity. The list of securities in the RTSI may not be considered more often than every three months and changes are implemented with a one month delay. To avoid changes in the RTSI when the security list is amended, the total market capitalization used to compute RTSI is based on the market capitalization of the previous period with the amended list of securities.
The Russian Trading System Technical Index (RTST) is calculated in a fashion similar to the RTSI but on a different time interval. The RTST is computed from 11:00 to 18:00 at least once a minute. RTST is reported for the opening, close, minimum, and maximum for the day.
RESEARCH DESIGN
The data of the RTSI are from the RTS Stock Exchange web site. The daily returns are computed from index values using day-to-day closing values for the RTSI. The returns are calculated as the natural logarithm of the day-to-day wealth relative. The RTSI for the current day is divided by the RTSI for the previous day to create the wealth relative. We take the natural logarithm of the wealth relative. Rt = ln(Rt/Rt-1) where Rt = the rate of return, Ln() = the natural logarithm operator, Rt = the RTSI value for day t, Rt-1 = the RTSI value for day t-1.
The rate of return is a continuous compounded rate of return.
The total sample of 1650 daily observations are divided into six sub-samples of 250 daily observations and one sample of 150 daily observations from the opening of the RTS Stock Exchange in September 1995. Appendix C provides the dates used for each sub-sample. For each sub-sample we compute summary statistics and statistics to determine if the distributions are normal, auto-correlated, and contain unit roots.
The RTSI is tested for serial correlation. For lag "k" for each price series, the serial correlation coefficient,
where, R(t) is the natural logarithm of the wealth relative, ln(R(t+1)/R(t)). If the price change series is a stationary process, the variance of R(t) is equal to the variance of R(t-k) and does not change with P(t). The serial correlation coefficient is derived from a regression of R(t) and R(t-k) where (k) is the regression coefficient, k.
We use the RTSI as the price series to calculate the returns which are used to compute the serial correlation coefficients.
We conduct a runs test by comparing the expected number of runs, n(e), to the actual number of runs, n(a). The standardized normalized variable testing the statistical significance of (n(a) -n(e)) is K. where, N is the number of observations, m(i) is the number of changes of sign, var(n(a)) is the variance of n(a) and sd(n(a)) is the standard deviation of n(a). Table 1 shows the summary statistics and test results for each of the sample periods. The mean daily continuous compounded rate of return ranges from a high of 0.44% for RTSI-96 to a low of -0.72% for the RTSI-97. The standard deviation is lowest for RTSI-04, 1.33% and highest for RTSI-97, 4.62%. The skewness and kurtosis values do not appear to be close to the theoretical values of zero for skewness and three for kurtosis. The © 2011 The Clute Institute Jacque-Bera statistics to test for normality all reject the null hypothesis of normality at the (ρ = 0.00) level except for RTSI-01 (ρ=0.27). The Q-statistic to determine the significance level of the auto-correlation and partial auto-correlation functions are only significant at the (ρ=0.05) level for four time periods: RSTI-95, RTSI-96, RTSI-98, and RTSI-99, indicating that these time periods exhibit auto-correlation while the remaining times period do not exhibit autocorrelation. The Durbin-Watson test statistics for first order auto-correlation are all close to 2.00, the theoretical value indicating a lack of first order auto-correlation. The Augmented Dickey-Fuller statistics all indicate that there is no unit root, that is, each time period follows a random walk. These results are mixed but support the hypothesis that the RTSI, for the sample time periods, are weak form efficient in the later periods but not in the first four test periods. Table 2 contains the results of the runs tests for both the median and mean tests. The RTSI exhibits the presence of statistically significant runs for the first four test periods, RTSI-95 to RTSI-98 using the median test and the mean test. The Z-values for the median tests range from 0.38 (ρ = 0.70) for the RTSI-00 period to -3.55 (ρ = 0.00) for the RTSI-97 period. The Z-values for the mean tests range from 0.38 (ρ = 0.70) for the RTSI-00 period to -3.88 (ρ = 0.00) for the RTSI-95 period. For the test periods following RTSI-99, the results of the runs test do not appear to be statistically significant, that is the persistence in the return series has diminished. 
EMPIRICAL TEST RESULTS
SUMMARY AND CONCLUSIONS
In this study, we evaluate the characteristics of the RTS Stock Exchange in Moscow over the period from the opening on September 4, 1995 to June 1, 2007. The empirical results indicate that the RTS followed a trend in the first four time periods tested but follows is weak form efficient in the remaining eight time periods. These results would be consistent with a run-up of the RTS in the first four years of the RTS operation. However, after the collapse of the Russian economy and of the RTS following the default of the Russian government on bonds in 1997, the initial exuberance for the RTS declined and the market followed a normal pattern of weak for efficiency.
Although the RTS is an emerging market, only fifteen years old, and even though the Russian government defaulted on debt during this period, the daily returns for the RTSI are follow a random walk during the last eight time periods tested and do not exhibit serial correlation. That is, the RTS appears to be weak form efficient, particularly in the later years.
